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EFFECT OF FROLONGEX2 HYFOEINESXA 6% THE F m T  
MUSCLE OF RATS 

m-irty-forty day hjrpokinesia leads t o  a s h a r p  reduct icn  11237* 
i n  body w e i g h t  and hear t  w e i g h t ,  e spec ia l ly  its right ven t r l c l e ,  
i n  experimental  animals. 
of the myocardiu~ and its r e s i s t a n c e  t o  the stress e f f e c t  of 
anoxia were found. In  t h i s  case,  a reduct icn  in t h e  rate of 
anaershic wtabolisra mas found: i n  the right v e n t r i c l e ,  of 
gly-o lys i s  and glycogenolysis and i n  t h e  left ,  of glycogenolysis.  
The glycogen coatent  i n  t h e  hea r t  muscles of rats after 30-40 
day tgpokinesia was unchanged. 

A weakening of t he  c o n t r a c t i l e  power 

It is known that prolonged r e s t r i c t i o n  of mobil i ty  reduces 
t h e  general ,  nonspecific r e s i s t a n c e  of t h e  body, the condi t ion 
of i ts  func t iona l  systems, as w e l l  as t h e  e f f i c i ency  of the 

as a whole and o? its t i s s u e s .  U.nfavorable changes are mani- 
fested here i n  the morpkology of ind iv idua l  organs and I n  
metabolism i n  t h e  t i s s u e s  [a, 8-11, 18j. However there is not 
a c l e a r  p i c tu re  of t h e  Aanges inauced i n  body tissues under 
t h e  inf luence of prolonged hypokinesia. 

This work is devoted t o  study of the  myocardium, as a 
muscle working cont inual ly  under condi t ions of hypokinesia. Its 
efficfeiicy,  r e s i s t a n c e  t o  t h e  stress e f f e c t  of anoxia and 
anaerobic metabolism 30-40 days of hypokinesia were 
investlgat-ed. 

Method 

WFle, white Wistaz rats, weighing 220-270 g, were used 
In  t h s  tescs. The test animals were.glaced In ind iv idua l  

~~~ ~~ ~~ ~ 

*Numbers in the  margin ind ica t e  paginat ion i n  t h e  fore ign  t e x t .  



p lex ig la s s  cells .  The c e l l  design eliminated t h e  p o s s i b i l i t y  
of movement by t he  animals, Only t h e  ferepaws 2nd head r e t a ined  
soae m o b i l i t y ,  providing f o r  food ir.+,ake, The c o n t r o l  rats were 
k e p t  in cages, t e n  t o  a cage, The feeding condi t ions  and composi- 
t i o n  were i d e n t i c a l  for both grcups of a n i m l s .  The ra ts  were 
decapi ta ted  for study of r e s i s t a n c e  of the  4ocardiuw and 
ffietabolisn in it. 

,.,,,ddium Y.*.-..- resistance was determined on t h e  i s o l a t e d  r ight  

v e m r i c l e ,  s i n c e  t h e  small thickness of t h i s  muscle pe rmi t t ed  a 
cons tan t  f lov o f  O2 t o  it f r o m  the environment t o  be ensured. 
Under t h e  condi t ions  se lec ted ,  t h e  phys io logica l  e x c i t a b i l i t y  of 
the muscles w a s  preserved f o r  a leng period. of time (over 2 
hcurs. Determination of the  a b i l i t y  of t he  myocardiur@ t o  
recover the c o n t r a c t i l e  func t ion  after 20 minute ar.oxia served 
as a c r l t e r i o n  of myocardium r e s i s t a n c e ,  i n  accordance w i t h  t h e  

method first developed by Kopetskiy [15] and improved by 

i. Prokhaska [16]. For t h i s  purpose, r h y t h i i c  e lectr ical  pulses ,  
a t  a frequency of 60 pulses  pe r  minute, were suppl ied t o  the  

right v e n t r i c l e ,  by means of platinum e lec t rodes .  I n  t h i s  case,  
the muscles were innnersed i n  Krebs-Rfnger s o l u t i o n  FH 1 . 3 4  
(temperature 34O !, wi th  continuous oxygen supply. 
cont rac t ions  of t h e  hear t  muscle i n  the i s o t o n i c  m o d e  were 
recorded by a kymograph. After establishment of a stable myo- 
cardium con t rac t ion  amplitude, oxygen was replaced by n l t rogen  
f o r  20 min. Anoxia induced a gradual  weakening of t h e  contrac- 
t i o n s  of the  myocardium, right up t o  t h e i r  coclplete disappearance, 
i n  response t o  cont inuing s t imula t ion ,  
by oxygen after 20 min, after which t h e  c o n t r a c t i l e  func t ion  of 

t h e  myxardium was gradual ly  restored, After establ ishment  of 
con t r ac t ion  amplitude at a stable l eve i ,  always lower than before  /1238 
anoxia, the  con t r ac t ion  amplitude was measured before  and after 
anoxia, and the  percentage ra t io  of the  measured amplitudes was 
ca l cu la t ed .  This value was t h e  c r i t e r i o n  of r e s i s t a n c e  of t h e  

The rhythmic 

The n i t rogen  was replaced 

- 
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myocardium t o  anoxia. !ke height  of the 40grarr .  alone served 
as a r e l a t i v e  c r i t e r i o n  of con t r ac t ion  s t r e n g t h  for us. 

For i n v e s t i g a t i o n  cf g l y c o l y t i c  metabolism i n  t t e  myocardium, 
t h e  i s o l a t e d  hear t  w a s  placed i n  0.44 M m A 0 s c -  at Oo.  fiomogenl- 
za t ion  of t h e  v e n t r i c l e s  w a s  carried out in a homogenizer w i t h  
a t e f l o n  pestle, i n  a medium of 0.44 I4 mannose, pH 7.4, fer a 
period of 40-50 sec. Tie g lyco lys i s  and glycogenolysis rates 
w e r e  detemained f r o m  accumulation of l a c t i c  acid in a systeffi, 
which contained optimum concentrat ions of coenzymes and a c t i v a t o r s ,  
i n  m o l e d l :  K-phosphate bu f fe r  4-10-r, pW 7.4; ATP 1-10-3; NAD 
2- lo-''; MgC12 2 f ruc  to se - lY64 iphospha te  8 10-5 . 4 l4 
glucose or 2 mq per sample glycogen served as subs t r a t e s .  
To ta l  sample volume wcs 1.25 m l .  Incubation w a s  c a r r i e d  out  
under argon for 30 Ein a t  30°. Lactic a c i d  was determined by 
the nethod cf Barker and m e r s o n ,  i n  t h e  Str6m modif icat ion 
ClS2. 
t h e  method of Keinp [ l 4 ] ,  i n  t i s s u e  specimens f rozen  w i t h  l i q u i d  
ni t rogen.  

A 

Glycogen i n  t h e  v e n t r i c l e s  of t he  h e a r t  w a s  determined by 

Resul ts  of Inves t iga t ion  and Discussion 

Change i n  Body Weight and H e a r t  ldeight under t he  Inf luence 
of Hypokinesia 

It is clear from T a b l e  1 that 30-40 days of hypokinesia (HK) 
While a cons tan t  led t o  8 decrease i n  body weight of  t he  animals. 

w e i g h t  increase  was noted I n  t h e  c o n t r o l  rats, amounting t o  32% 
i n  30-40 days, t he  body weight in HK animals amounted t o  only 
93% of t h e  i n i t i a l  l e v e l .  As a r e s u l t ,  t h e  body w e i g h t  of HK 
rats turrred out to b e  43% lower than i n  t h e  coi-.trol animals,  
which is evidence of a n  acu te  dystrophy i n  t h e  HK animals. These 
data a re  i n  complete conformance wi th  those i n  the  literature 
[5, 101 and our previously published d a t a  [4]. 
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Note: Numbers i n  parentheses,  number of animals examined. 

The heart  w e i g h t  of EX rats a l s o  uas reduced. It amounted 
t o  691  of t h e  c o n t r o l  values ,  I n  th i s  case, t h e  weight of the  
left  v e n t r i c l e  w a s  20%, and of the  right, 36% lower than i n  the 

c o n t r o l  animals. Kevzrtheless,  the index weight of  r i gh t /ue igh t  
of lef t  in €iK rats p rac t i ca l ly  did not  d i f fer  from 3he c o n t r o l  
values.  A small reductic.1 of it i n  t he  HK animals w a s  not 
statistically s i g n i f i c a n t .  

Con t rac t i l e  Power and Resistance of Mywardim 

Indiv idua l  values,  cha rac t e r i z ing  t h e  r e s i s t a n c e  of t h e  
right v e n t r i c l e  of t h e  hearts of c o n t r o l  and HK rats, are shown 
i n  Fig. 1. It i s  clear t h a t ,  after 20-minute anoxia, t h e  con- 
t r ac t i l e  func t ion  of t h e  myocardium i n  HK animals recovered by 
only 58.3%, whi le  i t  was 74-43 i n  t h e  c o n t r o l  animals. 
reduct ion  observed i n  r e s i s t a n c e  t o  anoxia apparent ly  is evidence 
of d e t e r i o r a t i o n  of t he  func t iona l  condi t ion  of t h e  myocardium. 

The 

Data cha rac t e r i z ing  the  s t r e n g t h  of con t rac t ions  of the 
right v e n t r i c l e  of  t h e  hearts of  rats expressed as a percentage 
of t h e  cont rac t ion  amplitude I n  HK rats t o  cor ; t ra l  values  before  
and af te r  anoxia, are presented i n  Table  2. It follows from the  
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f table that, both before 
and after anoxia, t h e  

strength of ccn t r ac t ion  
of t h e  cardiac muscles 
of IiK rats w a s  c m s i d e r a b l y  
less than i n  t h e  c o n t r  1 
animals. It m i g h t  be 

thought t h a t  the  lesser 
ex ten t  of e f f o r t  gene .ted 

0 1 
8 I 

by the  hear t  muscles of /1239 Fig. 1. Exter.t of recovery of con- 
t r ac t i l e  func t ion  of r i g h t  v e n t r i c l e  t h e  rats is explained by 
of t h e  hea r t  a f t e r  20-minute anoxia their lower How- 
( i n  Dercent of i n i t i a l ) :  ordinate,  
perckntage r a t i o  of amplitude cf ever,  t h e  w e i g h t  of t h e  
con t r ac t ions  of  myocardium after right v e n t r i c l e  I n  HK 
anoxia t o  i n i t i a l  values;  open 
circles ind iv idua l  data for  ccintrol  rats was less than i n  t h e  
rats; black c i r c l e s  after 30-40 day controls by 362, ,,bile hypokinesia; v e r t i c a l  bars M f m. 

t h e  strength of i t s  con- 
t r a c t i o n s  w a s  reduced by 441 before anoxia and b 56% after it. 
This d i f f e rence  gave us grounds for cons ider ing  t h a t  hypokinesia 
leads p rec i se ly  t o  weakening of t h e  myocardium, t o  reduct ion  i n  
i t s  a b i l i t y  t c  generate  e f f o r t .  

TABLE 2. STRENGTH OF CONTFMCTION O F  ISOLATED RIGHT VENTRICLE OF 
HEART OF RAT BEFGREa'AND AF-R ANOXIA, 

IN PERCENT O F  COhiROL. 

Before Anoxia After Anoxia 

Control Hypokinesia Control Hypokinesia 
Charac t e r i s t i c  

Strength of 
cont rac t ion  lOO(8) 

Note: numbers i n  parentheses,  number of experimental  animals. 
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N e  obtained shilar data on the  skeletal muscles of HK 
a n i m l s  [SI. 

Anaerobic Metabollsm 

The data presented fn Fig. 2 are evidence that, as a r e s u l t  
of 30-40 days of r e s t r i c t i o n  of m o b i l i t y  of an animcal, a small 
decrease i n  the  rate of anaerobic metabolislr! was noted. A 

reduct ion in t he  rates of bot!? glycoZ.;.sis u l C  glycogenolysis 
took place i n  the right v e n t r i c l e  and .?ly of glycogenolysis 
i n  the left  one. 

Attent ion w a s  turned 
t o  t h e  f a c t  that, under t h e  
in f luence  of hypokinesia, 
t h e  r a t i o  of t h e  g lyco lys i s  
and glycogenolysis rates 
changed i n  t h e  myocardiums 
of t h e  animals. Thus, the 
glycogenolysis rate exceeded 
t h e  g lyco lys i s  rate by 
approximately 40% i n  the  - -  - 

Fig* 2 o  Effect Of 3°-40 days Of right and le f t  vent r ic les  hypokinesia on rate of g lyco lys i s  
(I)  and glycogenolysis (11) i n  the normally. After 3 month /1240 
right ( A )  and l e f t  (B) v e n t r i c l e s  
of t h e  hearts of rats: ordinate ,  of hypokinesia of the rats, 
lact ic  ac id  accumulation, i n  vamg 
dry weight/hour; w h i t e  columns 
cont ro l ;  cross-hatched ones, HK 
ra ts ;  numbers i n  columns, number 
of animals used. 

t h i s  v7.lue amounted t o  54% 
i n  t h e  r i g h t  v e n t r i c l e  and 
only 26% i n  t h e  lef t  one. 

Determination of glycogen content  i n  t h e  v e n t r i c l e s  of the 
hear t  revealed no s i g n i f i c a n t  d i f f e r e n c e  between t h e  con t ro l  and 
HK animals (4.9 f 0.4 and 4.7 f 0.12 m g / g  of fresh weight, 
r e s p e c t i v e l y ) .  
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We do not consider  that t h e  small reduct icn  i n  glycogenolysis 
which w e  found i n  both v e n t r i c l e s  of t h e  hea r t ,  and g lyco lys i s  
i n  the  right one, plays a dec i s ive  r o l e  i n  t h e  reduct ion  of con- 
t r a c t i l e  c a p a b i l i t y  of t h e  nyocardiun! and i t s  resistar.ce t o  
anoxia, i n  animals subjected t o  t h e  e f f e c t s  of hypokinesia for 
a pe r iod  of 3C-40 days. It is  known from t h e  literature t h a t ,  

as a r e s u l t  of jO-day hypokinesia, a considerable  change i n  
t h e  morphologfcal p i c t u r e  i s  noted i n  t h e  myocardium, c o n s i s t i n g  
o f  swel l ing  of  t h e  sarcoplasm, accumulation of l i p i d s  i n  it, 
swel l ing  of the  initochondria and decrease i n  t h e  nulliber of 
cristzre i n  them, d i s r u p t i o n  of t h e  c e l l  membrane s t r u c t u r e  and 
l y s i s  of i nd iv idua l  myof ibr i l s  l 8 ,  91.  A reduct ion  showed up i n  
t h e  oxidat ive metbbolism [7, 81. All of t h i s  undoubtedly p lays  
a s i g n i f i c a n t  rc le  i n  t h e  reduct ion i n  e f f i c i e n c y  of t h e  myo- 
cardium. However, t h e  slowing down of g lyco ly t i c  metabolism, 
e spec ia l ly  under condi t ions of d i s r u p t i o n  of ox ida t ive  metabolism, 
should show up unfavorably on the  c o n t r a c t i l e  a b i l i t y  o f  the 
heart muscle and i t s  r e s i s t a n c e  t o  anoxia. It is not a c c i d e n t a l  
t h a t  t h e  change i n  rate of g lyco ly t i c  metabolism i n  var ious 
t i s s u e s ,  including t h e  myocardium, always c o r r e l a t e d  w i t h  change 
i n  r e s i s t a n c e  of these t i s s u e s  t o  c e r t a i n  unfavorable ac t ions ,  
i n  a l l  our previous inves t iga t ions .  Thus, i n  a n i n a l s  adapted 
$0 hypoxia, an increased r e s i s t a n c e  of t h e  brain,  myocardium 
and s k e l e t a l  muscles was found t o  var ious  damaging ac t ions .  
I n  t h i s  case, an increased r a t e  of g lyco ly t i c  metabolism showed 
up i n  a l l  the tissues mentioned [l-3, 12, 13, 16, 173. On t h e  
o ther  hand, a f te r  prolonged immobilization of animals, the  
r e s i s t a n c e  of t h e  b r a i n  and skeletal muscles dropped and the  
g lyco lys i s  rate dropped i n  p a r a l l e l  with it i n  these t issues  
[4, 61. iparent ly ,  change i n  e f f i c i ency  of anaerobic g lyco lys i s  
a c t u a l l y  is one of  the  components shaping a s p e c i f i c  l eve l  of 
r e s i s t a n c e  of i nd iv idua l  t i s s u e s  and t h e  e n t i r e  body. 
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Conc lus ions  

1. A month-long hypokinesia leads t o  weakening of the con- 
tract i le  capac i t i e s  of the  Eyocardhrn of rats and t o  reduction 
i n  i t s  res i s tance  t o  acute oxygen insuf f i c i ency .  

2 .  Simultaneously, a small reduction i n  aflaerubic 
metabolism rate is  noted, which, as w e  propose, may bs one cf 
the  components de f in ing  a new reduced l e v e l  of  re s i s tance  of 
the heart muscle. 
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